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⎪ Power energy and energy management ⎪

T
he laboratories of electrical engineer 
Jun Yao and microbiologist Derek 
Lovley at UMass Amherst have cre-
ated the ‘Air-gen’ or air-powered 

generator device, with electrically conductive 
protein nanowires that are produced by the 
microbe Geobacter; anaerobic respiration 
bacterial species which has capabilities that 
make them useful in bioremediation. The 
Air-gen connects electrodes to the protein 
nanowires in such a way that electrical cur-
rent is generated from water vapour that is 
naturally present in the atmosphere.

“We are literally making electricity out 
of thin air,” says Yao. “The Air-gen generates 
clean energy 24/7.” Lovley, who has advanced 
sustainable biology-based electronic materi-
als over three decades adds, “It’s the most 
amazing and exciting application of protein 
nanowires yet”.

The new technology developed in Yao’s 
lab is non-polluting, renewable and low-
cost. It can generate power even in areas 
with extremely low humidity such as the 
Sahara Desert. It has significant advantages 

Scientists at the University of Massachusetts Amherst have 
developed a device that uses a natural protein to create 
electricity from moisture in the air – a new technology that 
could have significant implications for the future of renewable 
energy, climate change and the future of medicine.

Electrical engineer, Jun Yao.
The Air-gen powering battery tester. The current Air-gen device can power small devices.

Graphic image of a thin film of protein nanowires generating electricity from atmospheric humidity. UMass Amherst 
researchers say the Air-Gen device can make electricity out of thin air.

Power generation from ambient 
humidity using protein nanowires

over other forms of 
renewable energy 
including solar and 
wind. Lovley says 
this is because un-
like other renew-
able energy sourc-
es, the Air-gen does 
not require sunlight or wind, and it even 
works indoors.

Xiaomeng Liu, a Ph.D. student in Yao’s lab, 
was developing sensor devices when he no-
ticed something unexpected. He recalls, “I saw 
that when the nanowires were contacted with 
electrodes in a specific way the devices gener-
ated a current. I found that that exposure to 
atmospheric humidity was essential and that 
protein nanowires adsorbed water, producing 
a voltage gradient across the device.”

The Air-gen device requires only a thin 
film of protein nanowires less than 10 mi-
crons thick. The bottom of the film rests on 
an electrode, while a smaller electrode that 
covers only part of the nanowire film sits on 
top. The film absorbs water vapour from the 

atmosphere. A combination of the electrical 
conductivity and surface chemistry of the 
protein nanowires, coupled with the fine 
pores between the nanowires within the 
film, establishes the conditions that gener-
ate an electrical current between the two 
electrodes.

Yao and Lovley say that the current gen-
eration of Air-gen devices is able to power 
small electronics. They expect to bring the 
invention to commercial scale soon. 

The future plans of both researchers 
include developing a small Air-gen ‘patch’ 
that can power electronic wearables such 
as health and fitness monitors and smart 
watches, which would eliminate the require-
ment for traditional batteries. They also hope 

to develop Air-gens to apply to 
cell phones to eliminate periodic 
charging.

“The ultimate goal is to make 
large-scale systems,” says Yao. “The 
technology might be incorporated 
into wall paint, which could help 
power your home. Or, we may 
develop stand-alone air-powered 
generators that supply electricity 
off the grid. Once we get to an in-
dustrial scale for wire production, I 
fully expect that we can make large 
systems that will make a major 
contribution to sustainable energy 
production.”

Meanwhile, Lovley’s lab is con-
tinuing to advance the practical 
biological capabilities of Geobacter. 
He recently developed a new mi-
crobial strain which aims to rapidly 
and economically mass produce 
protein nanowires.

“We turned E. coli into a protein 
nanowire factory,” he says. “With 

Microbiologist, Derek Lovley.

this new scalable process, protein nanowire 
supply will no longer be a bottleneck to de-
veloping these applications.”

According to Yao and Lovley, the Air-gen 
discovery reflects an unusual interdisciplinary 
collaboration. 

Before coming to UMass Amherst, Yao 
worked for years at Harvard University, 
where he engineered electronic devices with 
silicon nanowires. Lovley discovered the 
Geobacter microbe in the mud of the Potomac 
River more than 30 years ago. His lab later 
discovered its ability to produce electrically 
conductive protein nanowires. The pair joined 
forces to see if useful electronic devices 
could be made with the protein nanowires 
harvested from Geobacter.

In addition to the Air-gen, Yao’s laboratory 
has developed several other applications with 
the protein nanowires. “This is just the begin-
ning of new era of protein-based electronic 
devices,” Yao concludes. q

Investing in a Lithium-ion UPS battery from Schneider Electric 
Up until recently, Lithium-ion (li-ion) batteries have not been com-
mercially adopted as batteries for single-phase UPSs. While used in 
various other applications, they didn’t provide the necessary balance 
of price, energy density, power, safety, and reliability to be suitable 
for UPSs. However, as battery technology has advanced for the 
purposes of electric vehicles, this has all changed. 

Specialist in electrical equipment, Schneider Electric has launched 
the APC Smart-UPS Lithium-Ion UPS Battery to South Africa, which 
offers twice the battery life and up to half the total cost of owner-
ship (TCO) compared to valve regulated lead acid (VRLA) batteries, 

“We are very excited about bringing this technology to South 
Africa, where return-on-investment is a crucial decision-making 
factor,” says George Senzere, pre-sales manager: secure power 
solutions at Schneider Electric South Africa. “When it comes to 
return-on-investment, it is important to look beyond the initial 
spend and assess the TCO so that you can more accurately project 
the costs and benefits involved. The move from traditional VRLA 
batteries to li-ion batteries offers several advantages that ultimately 
lower TCO.”

Lower opex
One of the biggest contributors to this lowered TCO is the low 
operational expenses (opex) of li-ion batteries. While the capital 
expenditure (capex) on a VRLA battery UPS may be less than a li-ion 
battery UPS, VLRA batteries become very expensive due to the costs 
of refreshing and replacing them, which is necessary for lead acid 
UPSs. On the other hand, a li-ion battery will typically match the life 
expectancy of the UPS itself, about 10 years compared to three to 
five years of VRLA batteries. That effectively means never having 
to change the UPS battery, which means you save not only on the 
cost of the battery, but also on the labour involved in replacing it.  

Handles the heat
Part of the reason for their extended life is that li-ion batteries can 
operate for longer in higher than average temperatures compared 
to lead acid batteries. While both batteries would see some degra-
dation as the temperature rises, li-ion service life is less affected 

by higher temperatures than lead acid. Many of the li-ion batteries 
being used in UPSs are designed for higher average temperatures 
(40°C), meaning that the APC Smart-UPS Lithium-Ion UPS Battery 
will not shy away from the South African climate. 

Smaller and lighter
Li-ion batteries are about 30% lighter than VRLA batteries, which 
also provides advantages. Many customers find they must reinforce 
floors in rooms that house multiple racks with VRLA UPSs, adding 
construction costs. In such cases, that alone can make a li-ion-based 
UPS the more economical option in terms of TCO. They are also 
smaller, which means they are perfect for tight spaces and fit con-
veniently into wall-mount racks and small closets.

Innovation for Africa
“The technological benefits that a li-ion UPS provides and the fact 
that it has a lower TCO means that the APC Smart-UPS Lithium-Ion 
UPS Battery brings cost savings and certainty to South African busi-
nesses”, concludes Senzere. q

The APC Smart-UPS Lithium-Ion UPS Battery brings cost savings and 
certainty to South African businesses.


